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Abstract 
We report a device for selective detection of ammonia. The device consists of a MOX sensor and a converter 
transforming ammonia into nitrogen dioxide. When the converter is switched off, the sensor mainly detects ammonia 
(donor signal), and when the converter turned on, the sensor detects nitrogen dioxide (acceptor signal). The analytical 
signal is a normalized difference between the sensor signals when the converter is working and when it is turned off. 
The main advantage of this method is high selectivity of ammonia detection. Another advantage is the solution of the 
problem of sensor drift. 
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The detection of ammonia in atmosphere is an important task of ecological monitoring, since this 
compound is widely used in fertilizers production, in cooling systems and in chemical synthesis. A 
number of sensors is used for ammonia detection - electrochemical sensors, quartz crystal microbalances, 
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MOSFET, sensors based on conductive polymers, photoacoustic sensors based on semiconductor laser 
sources. 
Metal oxide semiconductor sensors are also been used for ammonia detection. The main disadvantage 
of metal oxide sensors is their low selectivity, therefore it is difficult to distinguish ammonia from other 
reducing gases (carbon monoxide, hydrogen, hydrogen sulphide). Another disadvantage of MOX sensors 
is signal drift, which may be caused by both sorption(-desorption) process and the changes of MOX 
semiconductor surface structure during the measurement. A possible way to solve the problem of signal 
drift is to expose alternatively the sensor to gas mixture to be measured and to the reference gas, but this 
procedure requires relatively complex equipment, which can not be used in portable and unmanned 
devices. 
 Another problem is that the response to ammonia ordinarily is lower than responses to other reducing 
gases. 
 
2. Chemistry of ammonia detection 
 
 On the surface of the metal oxide semiconductor sensor, ammonia molecules are oxidized by oxygen 
anions  (O2-, O- or O2-): 
eOHNONH 3332 223 o
 .                                                                                                       (1) 
Noble metals dopants afford an opportunity of catalytic oxidizing of ammonia leading to nitrogen 
oxides formation: 
eOHNOONH 53252 23 o
   ,                                                                                                   (2) 
eNOONO o  2  .                                                                                                                          (3)  
Processes (2 and 3) are accompanied with electrons release from chemisorbed oxygen to 
semiconductor material. This process leads to decrease in electrical resistivity of the sensing material 
(donor response). However, the product of process (3) is nitrogen dioxide, which is a strong oxidizer; its 
chemisorption on the surface of metal oxide sensor increases its electrical resistivity (acceptor response). 
Therefore, rather low response to ammonia may be connected with the formation of nitrogen oxides on 
the sensitive surface. 
 
3. Experimental 
 
 
Fig. 1. Microreactor, including sensor, converter and gas chamber (cover is taken off). 
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It is known about the attempts of gas mixture determination using MOX-sensor and microreactor [1]. 
We try to perform selective ammonia detection using microreactor including gas chamber and converter 
(Fig. 1). Gas chamber with the volume of 0,67 cm3 was made of metal, it consists of  TO8 package and 
removable cover. The chamber is connected to the atmosphere by a hole with diameter of 2 mm.  
Converter of ammonia into nitrogen dioxide was made from alumina plate with a platinum heater and 
catalyst layer. The catalyst consisted of tin oxide doped with 3wt.% of palladium and 1wt.% of platinum. 
The heating of the converter from room temperature to working temperature (350 ɨɋ) took less than 1 
second. The catalytic oxidation of ammonia took place during the heating. A sensor with high sensitivity 
to nitrogen dioxide, based on tin oxide doped with 2wt.% of gold 2wt.% of nickel oxide was used. The 
sensor operated at constant temperature. 
  
                                              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Electrical resistivity of the sensor as a function of time in pure air (curve 1), in 4.5 ppm of ammonia in air (2), and in 9 ppm 
of ammonia (3). 
 
Heating periods of the catalytic converter are shown in figure 2 with arrows. The appearance of 
nitrogen dioxide in the gas chamber, as well as a decrease in ammonia concentration, resulted in an 
increase in sensor resistance (lines 2 and 3 in fig. 2). After the heating shuts off, the generation of 
nitrogen dioxide is stopped, this leads to an increase in ammonia concentration in the chamber and to a 
decrease in sensor resistance. Line 1 corresponds to the sensor resistance in air, line 2 and 3 show the 
sensor resistance at ammonia/air mixtures with concentration of 4.5 and 9 ppm, respectively. The 
temperature of converter changed from 25 to 350 ɨɋ, the working temperature of sensor was constant and 
equal to 250 ɨɋ. 
Usually, the analytical signal of the sensor is the normalized difference between the sensor resistivity in 
investigated atmosphere and in standard one. The use of microreactor gives an opportunity of a 
considerable increase in the stability of measurements, because we can to apply as a analytical signal G 
the normalized difference between the sensor signals, when the converter is working (Rx) and when it is 
turned off (R0): 
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                                                                                                                                          (4) 
Corresponding values of R0 and Rx of electrical resistivity are marked by circles and squares in figure 2. 
The analytical signal as a function of ammonia concentration is shown in figure 3. As it is shown in 
the figure, the use of microreactor allows the determination of low ammonia concentrations in air. High 
stability of sensor response is connected with the elimination of the influence of sensor drift, because the 
sensor signal is a difference between two values of resistance measured with switched on and switched 
off converter, respectively. 
 
 
 
Fig. 3. Calibration curve of the device, included sensor and microreactor. 
 
 
4. Conclusions 
 
An important advantage of this method is its high selectivity. Ammonia and some of its derivatives are 
the only reducing analytes, which can be catalytically oxidized with the formation of strong oxidizer 
(NO2); this leads to a positive value of analytical signal G, defined by formula (4). 
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